Background: Patient awareness of their chronic kidney disease (CKD) and health literacy (HL) are both important for adherence to therapies that slow CKD progression and to reduce risk of complications. Little is known about the association between HL and CKD awareness. Objective: We sought to determine if patient HL is associated with CKD awareness. Methods: We conducted a cross-sectional study of general medicine inpatients at an urban academic medical center discharged between June 2011 and July 2013 with CKD, defined as having at least one CKD International Classification of Diseases, ninth revision code (585.0-585.9), among their first 20 admission diagnoses. Logistic regression was used to analyze the influence of HL, demographic, clinical, and health care use covariates on the likelihood of patients' CKD awareness. Our primary outcome was patient awareness of their CKD, defined as correct patient self-report of "kidney problems. " We used the Brief Health Literacy Screen, a three-item verbal questionnaire, to assess HL. Key Results: Among 1,308 patients with CKD, awareness of CKD was 33%, and 48% had adequate HL. However, CKD awareness was not associated with HL even among patients with stage 4 or 5 CKD. In multivariable logistic regression, greater awareness was associated with being a woman, younger than age 50 years, married, White, having hypertension, and having a higher CKD stage (all p < .05). In stratified analyses, patients with hypertension had greater CKD awareness, regardless of HL or diabetes status (p < .05). Conclusions: Among hospitalized patients with CKD, both CKD awareness and HL are low and inadequate. Surprisingly, patients' knowledge of their CKD diagnosis was not related to patients' HL. Patients with hypertension who young, white, or married may be receiving or retaining more education related to CKD. More work is needed on how to effectively communicate CKD diagnosis to prevent widening health disparities.
Patient awareness of CKD may also increase acceptance of pre-end-stage renal disease (ESRD) patient education and nephrology referral, which have also been shown to delay CKD progression and to improve clinical status at initiation of dialysis (Bakris et al., 2000) .
One potential mediator of patient awareness of CKD is health literacy (HL), which is "the degree to which individuals have the capacity to obtain, process, and understand basic health information and services needed to make appropriate health decisions" (U.S. Department of Health and Human Services, 2010) . Low HL is common among CKD patients; anywhere from 9% to 32% of CKD populations have inadequate HL (Cavanaugh et al., 2010; Grubbs, Gregorich, Perez-Stable, & Hsu, 2009; Ricardo et al. 2014) . Further, among patients with CKD, low HL is associated with worse blood pressure control, increased use of emergency department services, lower likelihood of transplant referral, and increased mortality (Cavanaugh et al., 2010; Grubbs et al, 2009; Adeseun, Bonney, and Rosas, 2010; Green et al., 2013) .
In our prior work, we found that CKD awareness among hospitalized patients was low, and only approximately half of these patients have adequate HL (Saunders et al., 2015; Press, Shapiro, Mayo, Meltzer, & Arora, 2013) . To tailor educational interventions to improve CKD awareness, it is important to determine if and how HL is correlated with CKD awareness. If CKD awareness is lower among those with low HL, then efforts can focus on literacy-sensitive CKD education. However, if CKD awareness varies by comorbidity or demographic characteristics, then additional outreach should ensure that effective CKD education occurs in those underserved groups. Therefore, using patient survey and administrative data, we examined whether patient awareness of CKD was associated with HL and other sociodemographic and medical factors.
METHODS

Participants and Data
We used data from the University of Chicago Hospitalist Project, an ongoing study of hospitalized patient outcomes (Meltzer et al., 2002) . Within 48 hours of hospitalization, all general medicine patients are approached about participating in the study, and more than 80% enroll. During oneon-one inpatient interviews, a trained research assistant obtains demographic, health status, and health care utilization information. The study was approved by the University of Chicago Internal Review Board (IRB#9967).
We obtained data on 2,102 general medicine patients discharged between June 1, 2011 and July 13, 2013 with an International Classification of Diseases, ninth revision (World Health Organization, 1979) (ICD-9) code for CKD (ICD-9 codes 585.0 to 585.5, 585.9) in their first 20 admission diagnoses. We excluded all patients with a history of transplant (ICD-9 code 996.81, V42.0; n = 72) or ESRD (ICD-9 code 585.6, n = 722). Our final sample included 1,308 unique patients with an ICD-9 diagnosis of CKD (Figure 1) .
Demographic, Health Literacy, Decision-Making, Clinical, and Health Service Utilization Characteristics
Our primary outcome was CKD awareness, (ie, the patient's correct self-report of kidney disease identified when participants selected "kidney problems" from a list of chronic medical conditions). In people with CKD, self-reported kidney problems had greater sensitivity than self-reports for CKD (Wright, Wallston, Elasy, Ikizler, & Cavanaugh, 2011) . Demographic characteristics, including age, gender, race/ethnicity, marital status, and education, were also obtained. HL was assessed using the Brief Health Literacy Screen (BHLS), which consists of three questions: (1) "How confident are you filling out medical forms by yourself?" (2) "How often do you have someone help you read hospital materials?" and (3) "How often do you have problems learning about your medical condition because of difficulty understanding written information?" The BHLS is scored on a Likert scale from 0 to 4 (Chew, Bradley, & Boyko, 2004; Chew et al., 2008) . Participants had low HL if they had a score of 2 or lower on at least one question.
Health care decision-making variables included patient understanding of the hospital visit, patient preference for provider opinions regarding their health care, and patient preference for leaving health care decisions to the provider. Health care utilization variables included number of visits to a health provider in the past year and prior hospitalization in the past year. Health care utilization has been associated with both HL and patient knowledge of disease (Cho, Lee, Arozullah, & Crittenden, 2008; Finkelstein et al., 2008) . DM and HTN were assessed from patient self-report and ICD-9 codes: DM ICD-9 code 250.XX, and HTN ICD-9 codes 401.0, 401.9, 403, 405.09, 405.19, 405.91, 405.99 . CKD stage was identified using ICD-9 codes: stage 1, 585.1; stage 2, 585.2; stage 3, 585.3; stage 4, 585.4; stage 5, 585.5; CKD unspecified, 585.9. Our variables were selected from available survey and administrative data using guidance from the literature regarding factors associated with CKD awareness and health literacy (Tuot et al., 2011; Saunders et al., 2015; Cavanaugh et al., 2010; Grubbs et al., 2009; Ricardo et al., 2014; Adesun et al., 2012; Green et al., 2013; Press et al., 2013) .
Analysis
Chi-squared tests were used to compare proportions, and t tests were used to compare means. We used bivariable and multivariable logistic regression to analyze the influence of the following variables-demographic: gender, age, race, ethnicity, marital status, and education; HL and decision making: BHLS score, patient understanding of visit, and questions on patient preferences for decision-making; CKD stage and comorbidities: DM and HTN; and health care utilization in the last 12 months: any hospitalizations and the number of visits to a health provider-on the likelihood of patients reporting kidney problems. We conducted sensitivity analyses to see the effect of unspecified CKD stage disaggregated from CKD stage 1 and 2. We also examined only those with advanced CKD (stages 4 and 5) as per guideline recommendations that this group should have been informed of CKD diagnosis and referred to nephrology care (National Kidney Foundation, 2002) . Additionally, we created categorical variables and used logistic regression to examine effect modification. All analyses were performed using Stata 14.0 (StatCorp LLC, College Station, TX).
RESULTS
Patient Characteristics and Association with Patient CKD Self-Report
Of the 1,308 patients with ICD-9-coded CKD in our sample (Table 1) , the average age was 64 years, 48% were men, 77% were African American, and only 18% were college graduates. Only 33% of patients had correct self-report of their CKD. Patients with CKD awareness were younger and more likely to be married than those without CKD awareness (66 vs. 62 years, and 40% vs. 30%, respectively). In addi- (68%) were CKD unspecified by ICD-9 codes. In sensitivity analyses, using unspecified CKD stage as the reference group changed the magnitude of the effect of CKD stage on CKD awareness by less than 2%; removing unspecified CKD stage increased the magnitude of CKD stage. Additionally, there was still no relationship between CKD awareness and HL in sensitivity analyses with unspecified CKD as the reference, with unspecified CKD removed, and with CKD stage 4 or 5 only ( Table A) .
Effects of Hypertension Status on Patient CKD SelfReport
In the stratified analysis, patient awareness of CKD was highest in patients with both DM and HTN ( Table B) 
DISCUSSION
To our knowledge, this is the first study examining the association between CKD awareness and HL in an urban, underserved, hospitalized population. We were surprised to find that inadequate HL was not associated with low CKD awareness, even though both CKD awareness and HL are low and inadequate among hospitalized patients with CKD. Many of our hospitalized patients may not have received information about their CKD diagnosis, or CKD information may have been given more consistently or effectively to particular groups, such as patients with HTN, advancedstage CKD, and those who are White, a woman, or married. Our null results demonstrate that although HL is an important factor for patients obtaining and receiving high-quality care, other factors related to both patients and providers may impact CKD awareness.
Although patients' CKD awareness was low overall (33%), it was higher than the national average, likely due to the larger proportion of hospitalized patients with advanced CKD compared to the general population (Tuot et al., 2011) . Our work is consistent with studies that demonstrate increasing CKD awareness with advancing CKD stage (Tuot et al., 2011; Saunders et al., 2015; Plantinga et al., 2008) . As CKD advances, patients may be more receptive to messages regarding prevention of CKD progression. In addition, physicians have a greater need to educate patients with advanced stage CKD as planning for renal replacement therapy begins. (National Kidney Foundation, 2002) .
Concordant comorbidities (e.g., DM and HTN) have already been associated with improved patient awareness of CKD. (Plantinga et al., 2008) . In our stratified analyses, HTN was strongly associated with patient awareness of CKD independent of DM and HL. Although both DM and HTN were associated with greater CKD awareness, the results were less robust for DM after controlling for other factors. Physicians may motivate patients to control their HTN, which is largely silent in its early stages, by relying on fear of known long-term sequelae such as stroke or CKD progression. This linked education may motivate adherence to antihypertensive regimens and lifestyle changes, as well as increase patient awareness of CKD.
Race and marital status were also associated with patient awareness of CKD. White patients were significantly more likely to correctly self-report CKD even after controlling for comorbidity, education, HL, and shared decision-making preferences. Providers may be more likely to discuss CKD with White patients due to an unconscious belief that Whites have a greater interest in their health and better adherence with recommendations (Street, Gordon, & Haidet, 2007) . Married patients were also more likely to correctly report CKD. Marriage may provide social support, which enables patients to have greater knowledge of their medical conditions (August & Sorkin, 2010) . For example, married patients may listen more carefully to a physician's explanation because they have to explain the results to their spouse. In addition, physicians may provide more detailed explanations to patients when a spouse is present (Schilling et al., 2002) .
The generalizability of our findings may be limited due to our study population, which is largely African American patients, a group for whom the link between uncontrolled HTN and kidney disease is more salient (Hebert et al., 1997; Parsa et al., 2013) . In addition, ICD-9 coding for CKD casefinding has been shown in prior work to be highly specific but not sensitive (Winkelmayer et al., 2005) . (Most of our patients with physician-identified CKD were "CKD unspecified. ") It is unclear whether this large undifferentiated group is due to poor coding, physician under-documentation, or under-recognition of CKD stage. Patients with early-stage CKD may not have been told about their CKD diagnosis. In sensitivity analyses that excluded CKD unspecified and earlystage CKD, our findings were robust; however, there was still no association between HL and CKD awareness even with advanced-stage CKD. An additional limitation is the crosssectional study design of hospitalized patients. Patients interviewed earlier in their hospital stay may have had worse recall due to distress or delirium. Patients interviewed later in their stay may have introduced selection bias as they were likely sicker with more comorbidities. To reduce bias, patients usually were interviewed within 48 hours of admission and screened for cognitive impairment with a mental status examination. Even with these study limitations, our study significantly contributes to the literature by illuminating areas for improvement of CKD awareness for a highrisk, urban, hospitalized ethnic minority population.
CONCLUSION
Patients with CKD lack awareness of their diagnosis that cannot be attributed to patients' HL. Providers face challenges in CKD education due to time constraints, competing management demands, and the complexity of CKD management (Greer et al., 2001; Greer et al., 2012; National Kidney Foundation, 2002) . Interdisciplinary care models and group education can help ensure patients receive information about their CKD diagnosis and management at multiple points of care and in multiple ways (Nunes, 2013; Narva, Norton, & Boulware, 2016; Strand & Parker, 2012.) However, further work is needed to increase provider motivation and ability to communicate about CKD diagnosis and management to all patients in a way they can understand, retain, and implement. We need to glean why communication about CKD is more effective for patients with HTN, advanced stage CKD, and those who are white, women, or married. Without increased efforts to inform patients of their CKD, there is risk of widening health disparities through systematic provision of lower-quality care. 
